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e [ et's look at Linux



dmr

UNIX v3




UNIX v3

- Type: Monolithic

- Total source: 304KB

- SLOC: 6,015 am
g O 89.31%

- asm:  10.69%




Plan9 kernel

libdraw libthread
ape libcontr«
libscribbl
libhttp
boot
mitx
alphapc
ppc pc




Plan9 kernel

- Type: Micro-like
- Total size: 3.9MB
- SLOC: 192.216

- C: 97.10%

©asm;: 2.90% 8




Traditional (Monolithic) Kernel

Applications I“' Applications

Accounts User-Space
File Systems Servers
Kernel N etv.vorkmg
Devices
Virtual Memory Microkernel Virtual Memory
Process Mgmt Process Mgmt
IPC
Hardware Hardware




dpeth

random

tty

ds

Minix kernel

dp8390

\ drivers

1.4 MB

kernel
384.0 KB

boot

inet




- Type:
- Total SLOC:

N O 94 .27%
- asm; 5.51%

Minix kernel

Micro _—
70,995

\ds\ hs\ ﬁs

kernel
384.0 KB

boot



OKL kernel

include src  kdb)iserver pxa drivers

nanokernel \ ' imx31
pxa
libs versatile
nanokernel
arm nanotest
\cells

pistachio
src

., | ||| I‘".II

1 kernel queue driverv2|l4¥iguanainclude src include




- Type:

OKL kernel

Micro

- Total SLOC: 367,154

- C:

* Cpp:
- Python:

* dSI.

151374 (41.23%)

108125 (29.45%)
90939 (24.77%)
10917 (2.97%)

include src  kdb)iserver :
nanokernel imx31
pxa
libs versatile
nanokernel
arm nanotest
cells

pistachio
src
o | o \

il kernel queue driverv2/l1482iguanainclude src include



XNU kernel

libkern
i386
security
pexpert
ppc libsyscall
kern
security
miscfs
crypto
netat

netinet6 ' ' i ' Sys




- Type:

XNU kernel

Hybrid

- Mach + BSD
- Total source: 41.5MB

- SLOC:
- C:

© Cpp:
©asm:

726,171

85.33%
8.10%
6.16%

386

ppc

|securityJ
Imiscfs

crypto

\netat\ / | ‘
Infs netinet6  vfs evInetinet=" hfs et

libkern

\secun‘ty\
\pexpert
libsyscall

\kem\

sys



Darbat kernel

IOHIDFamily bin  IOGraphics.ccthacks — xnuglue ¢ libsa
A \ 7S |
AN
/ / kernel
SN okitdrv

/ 7.9 MB
/ - ‘ doc
. contrib
IOUSBFamily ( - 8 8 MB [ ™=

I0SCSIArchitectureModelFamily

\kem
bsd net
17.2 MBj. 4

sys

osfmk ‘ an

pexperd 4 Bl15.1 MB ‘

hfs

libkern iokit igcompat ddb kern=vm!ppcdimach netinet6



Darbat kernel

- Type: Hybrid
- L4 + XNU (Mach + BSD)
- Total SLOC: 1,133,598

- C:

© Cpp:
©asm:

64.41%
29.77%
4.26%

IOHIDFamily bin  IOGraphics.=¢thacks
! ae 1

N okitdrv
/ 7.9 MB

I0SCSIArchitectureModelFamily

xnuglue ¢ libsa
R :

kernel

doc
contrib
IOUSBFamily

kern
net

sys

‘man
pexpert N
[

. : ~ / \ ‘hfs‘
libkern iokit igcompat ddb kern:vm.ppcdimach netinet6



HP-UX kernel

dump  perf fabric psm ve

sve
‘sig‘
usynd] vm
proc B
kthread

pm
sched
‘resm‘ ““““““ ‘wsio‘
pmem
‘vmfs‘
asi

vmmon kmem vasm inet® ipmi gio g sio escsi



HP-UX kernel

- Type: Monolithic *" ™™ B

- Total source: 68.4MB = m

. SLOC: 1,310,566 ™=
- C: 98.28% - e
©asm: 1.64% :fm



Hardware
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Tru64 kernel

conf nfs
cmm f  nf:
vfs
ufs
Sstreams
uni3.x
sec
sas
sec
dec

intel




Tru64 kernel

- Type: Hybrid

- Mach + UNIX

- Total source: 109MB

- SLOC: 1,562,952

- C: 97.87%
- asm: 1.76%
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System Ca‘lls

vim_page Virtual
Virtual File System / ‘ Memory
. vm_object
Networking l
Subsystem ﬁ q I lég(f:feer Vm_map_entry
Files F—— 5@
Mount S
Table Vibde IEAF g task — Process
/ Table  |_ | / L | port
Specia] . T — utask ma.d—‘
: File —— | Kernel
Files Table \ Stack qlther
| nameidata | — pch
I/0O Subsystem
un_gueue wait queue
PAL)code .
[ Alpha Architecture

Events and Interrupts




AdvVvES

e http://advts.sourceforge.net
e Code drop of AdvFS



FreeBSD kernel

kern boot netinet  mips~ | fs i38635 sys geom net compat cam
7 ia64
\modules\ ,
netinet6
/ ‘\\\\“\\\ ‘ u fS ‘
cddl \
- .
ngatm —
~ |contrib ispfw
\  57.6 MB
dev dev ush
133.3 MB
\sound\
i

-

octeon-sdk \;JtHnXQe\ hptrr digi mxge  drm



FreeBSD kernel

- Type: Monolithic
- Total source: 368.2MB =
- SLOC: 3,058,571 .

g O 98.03% pﬁ:

- sh: 1.61%



OpenSolaris kernel

nfs  zfs inet  0s avs rpc sun4u intel
>

)

i186pc

sundv

sparc
sun

ib| common | AESEEEEEEEEEE
181.0 MB fibre-channel

ib

fibre-channel |
scsi

iwh usb



OpenSolaris kernel

- Type: Monolithic N
- Total source: 226.1MB
- SLOC: 4,390,698
g O 98.37% |
©asm: 1.57%

fibre-channel

i86pc



OpenSolaris kernel

/I System Call Interface
{ ) i ! A i

Kernel Services Virtual File System Network ing

Processes : framework&
Clocks & Timers )

& Threads otc services

TCP/IP
Scheduler

E
E

interactive
fair share

:
g

Memory Management
Virtual Memory

—_—

Kernel Memory Allocation I :

i Bus & Nexus Drivers

Hardware Address Translation (HAT) sd ssd

Hardware - SPARC / x86 / x64




Others? (So many!)

 QNX e DragonflyBSD

e Symbian



[Linux kernel

x86  sh m68k cris ia64 fs sound  include net
‘mips
Documentation
‘Powe rPC‘ | \\ ' J,r"rf ’__,.f...,.,,..f-"' ‘ﬁrmwa re‘
/ S~arch
__|110.7 MB
arm

drivers
211.5 MB

\net\

media

o

block  mtd acpi  infiniband usb scsi staging



[.inux kernel

- Type: Monolithic

- Total source: 413.4MB

- SLOC: 8,825,258
g O 97.13%

- asm: 2.62%




Linux kernel - my 6730b laptop's
requirements

netfilter i sound mm

ipv4 crypto

lib

scripts

security
ext2
dim

acpi

nfsd S
ext4

nfs media

xfs ' ] usb scsi




Linux kernel - my 6730b laptop's
requirements

. sctp  netfilter ipv6 sunrpc kernel :x86 sound —
- Total source: 35.5MB g 2.1 MB/1.9 mB
Y >
ipv4 N
. SLOC: 889,598 A i
° ° / : .
scripts
urity
dlm f
nfsd 8.2 MB p
drivers
i 11.4 MB /
R 4
nfs / med
> o
f: 1 md _llvideo net pci gpu b



Linux kernel - core functionality

kvm mm mm
1.2 MB

x86 ipe
1.7 MB
‘kvm
\time
kernel
acpi irq
apic

| kernel
cpu 1.8 MB




Linux kernel - core functionality

- Total source: 5.0MB i ‘ e
- SLOC: 134,080

cpu 1.8 MB




kexec printk
exit

fork

posix-cpu-timers

hrtimer

sysctl binary

rcutree

auditsc

signal futex

[Linux - kernel/

relay resource cred mutex

pid wait kmod

sysctl

workqueue irq

time

srcu

sched



dumpstack

dumpstack 64

vsyscall 64
aperture 64

process 64
quirks

alternative

mpparse
reboot

signal
setup tsc

Linux - arch/x86/

e820

x86

kernel
1.3 MB

acpi

emulate mmu lapic

apic

pageattr
fault

pat

ioremap

hugetlbpage

mtrr

mcheck

cpufreq



Linux - mm/

vmalloc percpu . _ mremap swap swap_stat

highmem
filemap mmu_notifier
mprotect
mincore
swapfile
shmem
page alloc
mmap

hugetib




shm

Linux - ipc/

mqueue

ipc_sysctl

msgutil

syscall

mq_sysctl

namespace

sem







functions
layers

user space
interfaces

system calls
and system filas

virtual

bridges

crass-functional mxdules
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functions implermentatiors

= gunarlc I-T ao:t

devices
control

electronics

system

ki

interfaces core
Systern Call inerface Systert files
inux'syscalls. b
aEM- S UL SR
copy from,_user

gdgy = rdew_add
'.""‘!"\-'_.LED"‘" par_chides

=y INE_mcahie

dpad Jayel fdey

syale_ofs

sye_mhoot

drfvearshak Afivar
Device Made
Nruxikotgect b
kakject ool
lixdavics h
deraic_lypa

g
g
"
H
=
]

T

bd_medule

init! u“

syst

karnel restart
ksl pawer_a¥

mitirsain. c
start e

o indlzallsy T
un_ink process

el ragis
usb_hel_givebed i |

women /O

BMA  a5g  DONER
costrolar

ke dew_loctl

processing
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CPU
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memory
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storage
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sockets access
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block devices

_' ook’ }rl:l
black_dewi
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